Monetary policy decisions are transmitted into the economy through many channels, one of which is the bank lending channel. It is based on the central bank's actions that affect loan supply and real spending. This paper examines, spanning the period 1999-2010, whether for the case of European banks the operation of the bank lending channel can be modeled in a manner that better conforms to current institutional realities, such as credit frictions. The recent literature on monetary policy takes into account credit frictions and investigates monetary implications. We use interest rate spreads, that is, the difference between the interest rate available to savers and borrowers, as an indicator of the disruptions in the financial situation and incorporate them into the model for the estimation of the bank lending channel across eurozone countries. The results indicate that these credit frictions have an impact on the lending growth process.
Introduction
The recent crisis and the ongoing changes in the financial system both impose alterations in the way monetary policy works. The traditional channels of the transmission mechanism and, specifically, the credit and the bank lending channels, were severely criticized over the previous decade, whereas more attention was paid to the expectations channel. Additionally, the literature has overlooked the role of the banks as financial intermediaries as well as the frictions they may impose in the monetary transmission mechanism. This paper argues that the bank lending channel needs to adapt to the current situation and takes into consideration additional parameters that will allow it to operate more effectively in association with the real economy.
A number of authors support that the traditional literature on the bank lending channel should be modified. They suggest new variables that should be taken into account (Altunbas et al., 2009; Gambacorta & Marques-Ibanez, 2011) or argue that certain assumptions in traditional research are misplaced and, hence, they recommend a reformulation of the bank lending channel (Bernanke, 2007; Disyatat, 2011) . The traditional literature emphasizes the variables that characterize the bank's strength, such as capitalization, liquidity and size. Many studies (Kashyap & Stein, 1995 & 2000 Peek & Rosengreen, 1995; Stein, 1998 ; Van den Heuvel, 2002; Gambacorta & Mistrulli, 2004) conclude that well-capitalized, liquid and large banks are better equipped to confront with any changes in monetary policy. We should note, however, that there are other studies that reach controversial conclusions about the usefulness of the size as an indicator for the distributional effects of monetary policy (Ehrmann et al., 2003; Gambacorta, 2005 ).
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Disyatat (2004, 2011 ) also highlights the importance of the banks' balance sheet strength as well as their risk perception, through which the channel is supposed to be reinforced, albeit, he claims that the lending channel should be reformulated. The author also argues that the central condition that refers to the impact the monetary policy has on deposits is misplaced. Hence, the lending channel needs to be reformulated. He also points out that greater reliance of banks on market-based financing does not diminish the importance of the particular channel. On the contrary, it is reinforced taking into account, though, the banks' balance sheet strength as well as their risk perception.
There are studies, which argue that the financial market development has attenuated the impact of these characteristics on the banks' response to monetary policy decisions. They claim that development and innovations in financial markets have changed the effectiveness of the bank lending channel, by modifying the banks' incentives and affecting their ability to obtain liquidity and, hence, to provide credit (Gambacorta & Marques-Ibanez, 2011 ). Securitization as well as noninterest income revenues --that is, revenues from investment banking, fees and commissions --constitutes an alternative source of funding for banks (Altunbas et al., 2009 ). Moreover, the previous literature has already referred to securitization in the form of loan sales that provides an alternative and less expensive way of funding for banks, when deposit market is competitive (James, 1988; Pennacchi, 1988) . Innovations of securitization in conjunction with credit derivative market developments have improved the credit risk management for banks. They are able to transmit this type of risk to other economic agents, a development that may have a significant impact on the bank lending channel (Peek & Rosengren, 2009 ).
The goal of this paper is to incorporate the banking sector and specifically the credit frictions into the specification of the bank lending channel for a number of European banks spanning the period 1999-2010. The novelty of this study lies on the empirical attempt for the first time to use the spread between borrowing and lending interest rates as a proxy for credit frictions to investigate whether loan supply measures respond to monetary policy activities as well as whether there exists any role for asymmetric information on the mechanism of the bank lending channel. According to the bank lending channel literature, the monetary authorities affect loan supply by raising or lowering interest rates and by decreasing or increasing bank reserves. a view that was initially criticized by Romer and Romer (1990) , has, on the contrary, decreased. Not only central banks' policy should be investigated, but also banks' incentives, since the financial intermediaries play an active role contrary to the notion of the previous literature.
Changes in financial conditions need to be taken explicitly into consideration. Securitization has proved to have led to a laxer screening of borrowers. Banks' business model has changed from "originate and hold" to "originate, repackage and sell". In this way, they transfer the risk from their balance sheet to other economic agents. Therefore, banks have fewer incentives to screen borrowers. That is, in the pre-crisis period, borrowers who would, otherwise, be denied credit, are able to get loans (Gambacorta & Marques-Ibanez, 2011) . It is obvious that the development of financial markets provided banks with additional sources of liquidity and hence banks were more sheltered from the impact of monetary authorities' decisions. Banks are "obliged" to take into consideration credit frictions and the effects of asymmetric information and scrutinize borrowers, certain classes of whom --due to the current financial situation --rely on the bank credit again. The recent literature on macroeconomic analysis and monetary policy takes into account credit frictions and investigates monetary implications. McCulley and Toloui (2008) and Taylor (2008) have proposed that Taylor rules should be modified and incorporate financial conditions, as interest rate spreads and the target rate should adjust to the changes of credit spreads.
Thus, credit frictions is an important indicator of the financial situation and since variation in interest rate spreads indicates that there are disruptions in the financial situation, they should be incorporated into the model for the estimation of the bank lending channel. These spreads exist between the interest rate available to savers and borrowers and we investigate the impact of a model that incorporates credit frictions on the operation of the bank lending channel across European countries.
The remainder of the paper is organized as follows: Section 2 describes the traditional bank lending channel as well the credit frictions literature. Section 3 presents and analyses the data set, Section .4 describes the econometric model. Section 5 reports the empirical findings and, finally, Section 6 concludes.
Literature Review

The Bank Lending Channel
This study considers how the monetary authorities affect the macroeconomy through the bank lending channel, which largely depends on the quantities of deposits and loans and the factors that determine these quantities. In particular, the monetary authorities implement an expansionary (contractionary) policy by increasing (decreasing) bank reserves and lowering (raising) interest rates. As reserves expand (contract), the banking system increases (decreases) deposits and loans. Therefore, businesses and consumers, who depend on bank lending, can increase (decrease) their purchases of durable goods and capital for investment. Hence, expansions (contractions) in bank reserves affect output positively (negatively) (Golodniuk, 2006) .
The existing literature on the bank lending channel searches for this transmission mechanism in different economies or in a group of countries. More specifically, it examines whether the effect on lending responds differently, depending on the influence of the banking system, which, in turn, relies upon specific characteristics, such as capitalization, size, and liquidity. Most studies on the euro area economies provide empirical support to the presence of the channel, while the empirical analysis for the US case provides mixed results (Ehrmann et al., 2003; Gambacorta, 2005) . In addition, the majority of studies show that small banks do not exhibit more sensitivity to monetary policy shocks than large banks (Peek & Rosengren, 1995; Gambacorta, 2005; Golodniuk, 2006 ). The empirical implementation should cope with an important problem. More precisely, merely observing that both output and bank loans decrease after a negative change in monetary policy, does not necessarily imply that this change reflects a reduction in loan supply (Brissimis et al., 2001 ). Such changes, however, may only reflect a reduction in loan demand. To resolve this issue, the literature uses a number of macroeconomic control variables, i.e. GDP and inflation, which affect the demand for loans (Kashyap et al., 1993 ).
Credit Frictions
Not taking into account financial intermediation comprises a weakness of conventional macroeconomic models as it was revealed by the recent crisis and the disruptions of financial and real activity. Standard models of monetary transmission mechanisms assume frictionless financial markets. They use a single interest rate, which simultaneously represents the policy rate, the rate of return that households receive on savings and the rate at which anyone can borrow. In real economies, however, more than single interest rates exist. Furthermore, these multiple rates are different from each other, allowing for the presence of spreads. Any variation in spreads can be considered as an indicator of changes in financial conditions.
Woodford (2010) sketches a theory appropriate for a market-based financial system. In this paper, intermediation plays a crucial role and credit frictions are able to impede the supply of loans. First, he describes the conventional macroeconomic model, which provides a straightforward way of how a central bank's target rate policy affects the level of economic activity. This model uses a single interest rate, the equilibrium value of which is determined in the credit market. In this model savers © Science and Education Centre of North America lend directly ultimate borrowers. A shift in the level of their income modifies both the supply of and the demand for funds. Therefore, at each level of income, a different equilibrium interest rate exists, at which the supply of equals the demand for funds. Furthermore, a monetary policy reaction function indicates the relationship between the central bank's policy rate and the level of economic activity.
Second, the author introduces multiple interest rates, a feature of actual financial systems, as well as financial intermediaries, which acquire funds from savers and lend them, in turn, to ultimate borrowers. The implication of financial intermediation is the differentiation between the interest rate paid to savers and the rate at which borrowers finance their needs. The difference between the rates comprises the interest rate spread, at any given level of which a unique volume of intermediation exists. The degree to which borrowers are willing to pay a higher interest rate than the one required by savers indicates the demand for intermediation. On the other hand, the supply of intermediation shows the spread that is required to induce financial intermediaries to provide a specific volume of credit from savers to borrowers. The determinants of the supply of intermediation may be the marginal cost of lending of financial institutions as well as their capital or leverage (Zigrand et al., 2010; Adrian et al., 2010) . Any changes in these determinants have as a consequence the disruption in the supply of intermediation, which yields less credit supply and higher spreads. This disruption will result in a decline in the target rate and economic activity as well.
The incorporation of the interest rate spread in the basic New Keynesian model of the transmission mechanism is attempted by Cúrdia and Woodford (2008) , who find that not just a mere presence of the spread, but also the variation in spreads over time makes significant quantitative differences visa-vis the standard model. Similarly, a paper by Goodfriend and McCallum (2007) compares a simple New Keynesian model to a new model that allows for multiple interests and investigates quantitatively "how much a central bank can be misled by relying on a model without money and banking, when managing its interbank-rate policy instrument".
McCulley and Toloui (2008) and Taylor (2008) use a spread-adjusted Taylor rule, that is, they extend the Taylor rule by including the interest rate spread for the determination of the federal funds rate. They propose that the target rate should be adjusted to variations in spreads at any given level of inflation and output. Specifically, in the case of monetary policy tightening that is not justified by any changes in inflation or the output gap, they argue that the target rate should be lowered when spreads increase. Overall, it is of great significance to take into consideration credit frictions, because they create additional uncertainty to the conduct of monetary policy and to the effect that interest rate changes have on economic activity. According to Bean et al. (2002) and based on their New Keynesian macroeconomic model, financial frictions tend to amplify the impact of variations in official interest rates and their presence makes monetary policy to be more aggressive.
Data Description
Annual i balance sheet data for 616 European commercial and savings banks ii, iii are obtained from the Bankscope database. The sample of countries consists of Austria, Belgium, France, Germany and Luxembourg, which are used as the group of European countries with common currency --hereafter referred as the Euro-group --whereas the UK is examined separately. The time span runs from 1999 to 2010. The countries and the corresponding number of banks are presented in Table 1 .
The balance sheet data 1 are the following: we use total loans as the dependent variable, whereas the strength of each bank in our analysis is measured by certain bank-specific characteristics. More specifically, size is defined as the log of total assets, capitalization is measured by the ratio of total equity to total assets and liquidity is computed by dividing liquid to total assets. 
United Kingdom 19
To account for the monetary policy indicator, the EONIA interest rate for the ECB on main refinancing operation (MRO) is used for the countries-members of the European Monetary Union (EMU). This is a short-term open market operation in form of reverse transactions that allows it to control the degree of liquidity in the interbank market. The bank rate of the Bank of England is used as the interest rate for the UK, correspondingly. Data on short-term interest rates were obtained from the Bloomberg database.
Real GDP and inflation rates are used to isolate changes in total loans that are caused by movements in loan demand. To calculate inflation rates, we use the percentage changes of the Consumer Price Index (CPI) as well as the harmonized index (HICP) --to check robustness. These data are derived from Datastream.
Credit frictions are measured by the interest rate spread, that is, the difference between two interest rates, the interest rate charged to borrowers and the interest rate paid to lenders. In our analysis, we construct the lending rate, because it is provided separately for households and corporations for each country. Specifically, the lending interest rate is the weighted sum of lending rates paid to households and corporations. As a weight, we use the outstanding amount of each of the loans to households and corporations divided with total loans.
Analytically, the specific lending rates that we use, concern the rates charged on consumer loans to households, housing loans to households and loans to corporations, whereas the deposit rates refer to the deposits with agreed maturity, a category that is common to all countries. Though, due to lack of data for Luxembourg (before 2003) and for the UK (the full sample period), we used the database of the central banks of each country and acquired the same categories of lending and deposit rates to accomplish compatibility as far as possible.
The Econometric Specification
We investigate the bank lending channel using the following baseline equation:
© Science and Education Centre of North America where k = 1, …, K and t = 1, …, T, k denotes the country, K equals five when we estimate the bank lending channel for the Euro-group and one when we estimate the lending channel for the United Kingdom, L ikt denotes the loans of the i th bank of country k in year t, i kt denotes the monetary policy indicator of country k in year t, GDP kt denotes the GDP of country k in year t, π kt denotes the inflation rate of country k in year t, and u kt denotes the error term.
In equation (1) we examine the reaction of loan growth to the actual short-term interest rate, the monetary policy indicator. To control for country-specific loan demand changes due to macroeconomic activity, we regress the growth rate of a country's lending (ΔlnL) on the real GDP growth rate (ΔlnGDP) and on the inflation rate (π). According to the bank lending channel, the negative coefficient on the interest rate causes loans to fall after a monetary tightening. We estimate the model using the panel GMM estimator, suggested by Arellano and Bond (1991), where we only include statistically significant lags in the estimation. We also examine the effect of the changes in interest rate spreads on the loan growth. To include the interest rate spreads into the analysis, we incorporate this variable into the model:
where Spread kt denotes the interest rate spread of country k in year t. We consider that the changes in spreads are more important than their corresponding levels, as they incorporate more information about the economic situation. Spreads are not constant over time, but change due to changing financial conditions. Therefore, increases in spreads indicate financial distress, which is associated with lower levels of employment and economic output (Cúrdia & Woodford, 2008 ).
Bank-Specific Characteristics
In the bank lending channel literature, banks with different characteristics react differently to a monetary shock. To test this, we also construct a similar model, which takes the following form:
This specification differs from equation (1), because it incorporates two additional terms -a bankspecific characteristic and its interaction with the monetary policy indicator. More specifically, we introduce three separate bank-specific characteristics (BS ik ) --bank capitalization, asset size, and liquidity --and the interaction terms ( where Size ikt denotes the size of the i th bank in country k in year t, Cap ikt denotes the capitalization of the i th bank in country k in year t and Liq ikt denotes the liquidity of the i th bank in country k in year t. Equation (4) incorporates the interaction terms between the monetary policy indicator and each of the bank-specific characteristic. The interest rate spread term is also added to the model to illustrate the incorporation of financial frictions: 
Empirical Analysis
The entries in all tables report the coefficients of the variables and their corresponding p-values estimated for the Eurogroup and the UK. The first two columns indicate the results of the bank lending channel model that does not incorporate financial frictions, whereas the last two columns report the results of the model that includes them. As previously described, financial frictions are captured into the model by incorporating the interest rate spread.
Bank Lending Channel Results
The findings of the benchmark model expressed in equation (1) are reported in Table 2 . The monetary policy indicator has the expected negative sign for all countries and is statistically significant at the 10-percent level in the Eurogroup and at the 5-percent level in the UK. This implies that an increase in the monetary policy rates leads to a reduction in loan growth, implying that the response of bank lending to a monetary policy shock has the expected negative sign. The coefficient of the monetary policy indicator also keeps its negative sign in the model that includes financial frictions, as is reported in the third and fourth column. The policy interest rate exerts its influence with a lag in both models and across all cases and the respective coefficients are almost the same in absolute numbers. These empirical findings seem to be consistent with the results (based on different econometric and modeling specifications though) reached by Bean et al. Notes: Coefficient and p-value estimates for the group of European countries and the U.K. according to the model that does not include and the one that includes the interest rate spread. Bolded coefficients prove statistically significant at either the 5 or the 10 percent level. Table 3 also reports the coefficients and their corresponding p-values for real GDP growth and inflation. These two variables control for the loan demand effects and exert their influence with a lag. The coefficients of GDP growth exhibit a positive sign and are statistically significant at the 5-percent level, implying that changes in economic activity affect bank lending in a positive way. By contrast, the coefficient for inflation exhibits a negative sign and is statistically significant, except for the UK and particularly in the model, in which frictions are included.
As previously mentioned, there are small differences between the monetary policy coefficients of the two models, whereas it is obvious that loan supply is further negatively affected by another variable. All tables present the results of the two models: the second and third columns report the results of the model that does not incorporate frictions, whereas the entries in the fourth and fifth column show the results of the model, which includes frictions as an additional variable. This variable is the change in the interest rate spread, which exhibits a negative and statistically significant sign. In the UK the coefficient of the interest rate spread is larger than that of the monetary policy indicator, but smaller in the case of the Eurogroup.
Furthermore, we computed a test statistic, the Wald test, which measures how close the unrestricted estimates come to satisfying the restrictions under the null hypothesis. If the restrictions are in fact true, then the unrestricted estimates should come close to satisfying the restrictions. In our case, the null hypothesis concerns the coefficients of the monetary policy indicator and the interest rate spread, which are assumed to be equal. The results of the test are presented in the last row of each country and each table and the entries report the value and the probability of the F-statistic. We accept the null hypothesis in all cases, implying that the effect of spreads on the loan supply is larger than that of the monetary policy indicator. In the Eurogroup and the UK, the p-value is greater than 0.05 and, therefore, we do not reject the null hypothesis. Notes: Capitalization, size and liquidity are used as bank-specific characteristics. Table 3 reports the results of the estimation when all the characteristics as well as their interaction terms with the monetary policy indicator are included in the model. The incorporation of all the characteristics reports the same positive sign for capitalization in the Eurogroup, but the respective interaction term does not prove statistically significant. The sign of the size coefficient is also positive in the Eurogroup case, but negative in the case of the UK, adding to the controversial conclusions previously mentioned. The negative sign of the interaction term indicates that large banks do not differ from small ones in their lending response to a monetary policy action. No particular differences in their lending response appear across banks of various liquidity levels as well.
Results with Bank-Specific Characteristics
In the Eurogroup the coefficients of both the monetary policy indicator and spread change are negative and significant, whereas in the UK the corresponding coefficients prove statistically insignificant. The p-value of the F-statistic is larger than 0.05, therefore the null hypothesis that the coefficient of the monetary policy indicator equals that of the interest rate spread, is not rejected. Overall, in the UK, only the coefficients of size and of the interaction term between liquidity and the monetary policy indicator --the latter in the model that includes the spread variable --prove statistically significant, whereas the rest of the parameters are insignificant.
Conclusions
Disruptions in economic activity have imposed the need for conventional monetary policy to take into consideration of credit frictions. Frictions caused by asymmetric information alter the incentives of financial intermediaries, which, in turn, modify their behavior. Monetary policy should take explicitly into consideration this change in the way intermediaries react and include these observations into their analysis about the transmission mechanism. Specifically, the bank lending channel should take into consideration such financial frictions, since it is the mechanism through which monetary policy transmits its decisions to the real economy.
In this paper we investigated the performance of the bank lending channel under the presence of credit frictions in the Eurogroup and the UK over the period 1999-2010. These frictions were specified by the variation in the interest rate spreads, that is, the difference between the borrowing and the lending rate. The empirical findings indicated that the bank lending channel existed in all cases. The difference between the traditional model and the one that incorporated credit frictions was that they further affected loan supply. In other words, the change in lending cannot be merely explained by the alteration of any monetary policy indicator. This suggests that monetary authorities should take explicitly into consideration the spread variable to understand the way their actions affect loan growth and implement a more effective monetary policy.
The paper also examined whether bank lending responses to monetary policy shocks varied across banks with different strength --the latter being described by size, capitalization and liquidity. The empirical results indicated that well-capitalized banks are able to buffer any monetary shocks. This is not the case, though, with large or more liquid banks, the results of which can be characterized as controversial, even when credit frictions are included into the analysis. These findings could be justified if we take into consideration the developments of financial markets and the alternative ways of financing. As a consequence, standard indicators of banks' strength may have become inadequate for the accurate assessment of their ability to provide loans. Even though, financial innovations necessitate the modification of traditional bank-specific characteristics, it is obvious from the empirical analysis, that the capital to asset ratio maintains its informative power. Therefore, capitalization remains an important parameter of banks' ability to confront with changes in monetary policy. This result is in accordance with the finding by Gambacorta and MarquesIbanez (2011), who argued that capitalization influenced changes in loan supply, while, it was perceived as bank risk by financial markets, determining lending. The changing conditions in financial markets, though, impose the modification of this characteristic as well, to include more information, since its importance both as a cushion and a measure of creditworthiness to financial markets has increased.
Confidence is a parameter of great importance for the transmission mechanism to work, especially for the bank lending channel, through which confidence is critical between banks and depositors, between banks and borrowers, even among banks themselves. The paper attempted to explain the operation of the bank lending channel under credit frictions and, to this end, used interest rate spreads as a proxy for these frictions. Nonetheless, further research should be made to investigate the overall impact of the lack of confidence, as well as of unconventional monetary policies.
